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Abstract 
This article describes the kinds of thickness deviation arising during hot plate rolling process. The ways to determine thickness
deviation by measuring the thickness of the sheet at various points are shown. The reasons of rolls bending under the rolling 
pressure are found. Examples of using the different structures for the implementation of the roll bending system are shown. The
results of the system were considered in the hot rolling plate mill conditions. 
© 2015 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
The quality of the final rolled sheet greatly depends on its thickness deviation. This statement is applicable for 
thin and thick sheets, rolled on hot and cold rolling mills. Sheet thickness falls into two categories: longitudinal and 
cross (transverse) thickness. Both of these parameters define the final flatness of the sheet. The initial reduction of 
the slab, taking place on hot rolling, makes a significant influence on the geometric parameters of the metal. No 
matter the rolled plate is the final product or just the first step in getting a thin strip - the longitudinal and cross 
variation in thickness is laid in primary rolling passes. 
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2. Determination of the thickness deviation 
The most common schemes of hot plate rolling are "longitudinal", "cross" and "angular" [1-3]. In these schemes 
all types of thickness deviation occur mostly in the cross passes. Thus, the cross component of the sheet thickness 
should paid an attention. First of all, it is necessary to define what does "thickness deviation" mean? 
The actual measurement of the sheet thickness ݊ times at regular intervals of length and the mark their numbers 
݅ ൌ ͳǡʹǡ ǥ ǡ ݊ gives a sheet thickness at every point ݄௜ [4]. In this case the thickness difference means the deviation 
on the absolute value 
ο௜ൌ ȁ݄௜ െ ݄˔˓ȁ,        (1) 
where ݄˔˓ ൌ
ଵ
௛
σ ݄௜௡௜ୀଵ   - the average thickness of the sheet. 
Then, the average thickness variation of the sheet can be calculated by the next formula 
οൌ ଵ
௡
σ ο௜௡௜ୀଵ .         (2) 
As shown on formulas (1,2) the accuracy of the thickness deviation value depends on the number of 
measurements. It is very difficult to make a large number of measurements under real conditions. Therefore, the 
sheet thickness measured at the three points: at the center and at the lateral edges (at some distance from the edge). 
The values obtained on the edges are averaged, and the difference between this two values is the desired value.  
During the rolling process it's difficult to take into account all parameters impact on the cross thickness deviation 
of the rolled sheet. The same difficulties take place in developing of the automated rolling control system. More than 
10 different factors may counted in the first approximation, including deformations as sheet metal, as rolling 
equipment. The temperature of the rolling play a central role, also the force and speed of rolling. In this situation it's 
better to avoid a complex aproach and separately calculate the influence of each component. The component 
combination and development of the control system are carried out after finishing all mathematical calculations and 
its approvement on the computer models. 
3. The work roll bending 
One of the most influential parameter on the hot plate geometry is the bending of the work rolls. The 
consideration that all rolls in the main rolling cage have an ideal geometric form of cylinder ( in the case of rolling 
in "quarto" stand) allows to determine a "work roll bending" (figure 1, a). Another assumption is the constant roll-
gap during work roll width. In such condutions, at the rolling moment, the rolls bend takes place under the metal 
impact, that has a negative influence on the sheet geometry (figure 1, b). A value of the bending can be identified by 
rolling force "P". A dependence between the bending value and the cross-section of the work roll is called "bending 
curve". The form of the "bending curve" is complex, vaguely resembling a parabolic. 
Fig. 1. Rolls of the "quarto" stand without the force (a) and under the rolling metal pressure (b). 
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Some hot rolling mills have work rolls with special-curved cross section. Nevertheless, the "curved rolls" can 
compensate the rolling pressure just under a particular set of parameters, like a rolling force, rolling speed and initial 
sheet profile. A majority of modern rolling mills to eliminate the roll bending value during the operation, are 
equipped with a work roll bending system (WRBS) [4]. 
WRBS has a hydraulic cylinders at the roll edges, which create a compensation force. The value of this force 
must convert the bending curve into constant roll-gap. Figure 2 shows an example of WRBS realization. 
Fig. 2. The typical scheme of WRBS. 
Another way to avode the roll bending is the rolling with rolls put in the electromagnetic field [5]. External rolls 
are made hollow. Special pistons are mounted into the rolls with ability to move along the roll axis both jointly and 
separately (figure 3). In this way, rolls can form different forms and sheet thickness depending on pistons position. It 
allows to increase the accuracy and quality of finished product using simple design of roll stand. However, using the 
pistons has own weaknesses. One of them is the lack of relation between some electromagnetic parameters leading 
to the complex modelling process. 
Fig. 3. A method of the cross-profile roll formation. 
One more method of the sheet flatness control includes the dependence of the roll bending in the change of 
electromagnetic, physical and mechanical parameters of the rolling process. Authors [6] suggest how the 
independent electromagnetic, physical and mechanical properties of rolling influence on the sheet bending (equation 
3). 
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where ] ൌ ௑
஻೙
ǡ ሺܺ ൌ ͲǢ ͲǤͳܤ௡Ǣǥ Ǣ ͲǤͻܤ௡ǡ ܤ௡ሻ;
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ൌ ௔ܲ௫;
ܿ݋ݏߙ – an angle between the force of gravity of the roll to the pole and the vertical plane; ߤ଴ ൌ Ͷߨ ή ͳͲି଻ ൌ ͳʹǤͷ͹ – 
magnetic permeability of vacuum; ߤ଴ଵ ൌ ͲǤͷ – Poisson's ratio;ܧ ൌ ʹ ή ͳͲ଼– elasticity modulus of the roll; ߪ௦ ൌ
ͷͲͲ ή ͳͲଷ  – the yield point; ܮ௩  – the length of the work roll; ܤ௡  – sheet width; ܪ  – sheet thickness; ݄ – sheet 
thickness after rolling pass; ܤ௫ – magnetic induction; ܵ ൌ
௅˅ή஽೙ήగ
ସ
 – the contact area of the electromagnet poles with a 
roll (the air gap area); ܦ௡ – the diameter of the pressure roll;  ݇ – the density coverage pole ratio of the surface 
electromagnet and the roll; ߙ௚ ൌ
గήாబή௩ή஻೙య
ሺଵିఓబ
మሻήாή௃
 – roll flexibility; ܬ ൌ ͲǤͺܴ௣ସ ൌ ͲǤͲͷܦ௣ସ – roll moment of inertia; ܧ଴ ൌ
ఙೞ
ఌ
 – 
deformation module of the sheet; ߝ ൌ ுି௛
ு
 – relative reduction; ݒ ൌ ඥͲǤͷܦ௣ ή ο݄ ൌ ඥͲǤͷܦ௣ሺܪ െ ݄ሻ – the arc length 
of capture; ]଴ ൌ ͲǢ]ଵ ൌ ͲǤͳǢ]ଶ ൌ ͲǤʹǢ]ଷ ൌ ͲǤ͵Ǣ]ସ ൌ ͲǤͶǢ]ହ ൌ ͲǤͷǢ]଺ ൌ ͲǤ͸Ǣ]଻ ൌ ͲǤ͹Ǣ]଼ ൌ ͲǤͺǢ]ଽ ൌ
ͲǤͻǢ]ଵ଴ ൌ ͳ; ௔ܲ௫  – active electromagnetic force applied to the roll (the result of an electromagnetic pressure); 
ܦ௣ǡ ܴ௣ – diameter and radius of the work roll; ο݄ – absolute reduction; ʣ௔௫ – magnetic flux. 
Changes of the roll bending and the sheet profile occur due to the change of the magnetic flux with the extent of 
the roll gap. Thus, the magnetic induction and distribution of the active electromagnetic load changes along the 
work roll. As a result, the different configurations of the roll gap and changes in the thickness and profile of the 
sheet during rolling can be obtained. 
4. Results of the WRBS operation 
In practice, the widely used mechanisms to control the WRBS are servo and proportional valves. For example, 
the mill 5000 of Magnitogorsk Stell Works is equipped with eight cylinders - four on each work roll [7-10]. The 
operation of the WRB system is shown on figure 4. 
Fig. 4. WRB system operation. 
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Pressure sensors are used to measure the pressure in the piston rod and the stock cavity. Different handling of 
valve groups are used to control the pressure in the work-roll bending mode. The WRBS is used for rolling force 
control and works as follows: the actual value of the rolling force is subtracted form the expected value, then the 
difference is multiplied by a gain, which is determined by rolling model. The resulting value is used as an additional 
signal to force regulator. In case of a deviation of rolling force from target value, the output signal of the control 
system is corrected. 
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